ABSTRACT: Monospecific beds of the seagrasses Halodule wrightii, Syringod~um filiforme and Thalassia testud~num were enriched with a slow-release OsrnocoteT" (N-P-K) fertilizer from August 1993 through September 1994. Primary production rates (as 'v uptake), biornass (dry weight), and chlorophyll a (chl a) (measured by HPLC) of epiphytes in enriched beds were significantly greater than those of epiphytes in control beds. Based on microscopic observations, the dominant epiphytic algae were diatoms and red and brown algae. Populations of the brown alga Myriotrichia subcorymbosa and the red alga Acrochaetium flexuosum increased greatly in enriched plots of all 3 seagrass species. Multiple linear regression supported observational data in that pigment signatures selected for the dominant epiphytes (fucoxanthin, zeaxanthin, and violaxant'hin) expla~ned 97 % of the variation in chl a. A strong correlation between measured and predicted chl a (r = 0.98) suggested that chl a is an excellent indicator of epiphytic biomass in this system. Production rates of blades increased in enriched plots relative to controls but biomass of blades was unaffected. The strong response of epiphytes to enrichment suggests that cultural eutrophication could pose a threat to seagrass beds of Big Lagoon, Perdido Key, Florida, USA. Negative effects could be manifested as a reduction in the coverage of shallow-water sediments by seagrass beds and/or the elimination of 1 or 2 species, possibly converting Big Lagoon into a seagrass monoculture.
INTRODUCTION
The worldwide extent of seagrass vegetation has declined considerably during the last several decades (Orth & Moore 1983 , Walker & McComb 1992 . lncreased concentrations of water-column nutrients caused by cultural eutrophication are considered to be the primary factor leading to seagrass demise (Cambridge & McComb 1984 , Duarte 1991 , Sand-Jensen & Borum 1991 . Nutrient enrichment stimulates the growth of phytoplankton and epiphytic algae on seagrass leaves and thus reduces the spectral quality and/or amount of light available to the photosynthetic tissues of the seagrasses (Orth & Moore 1983 , Silberstein et al. 1986 ). Light attenuation is, therefore, a secondary effect of nutrient enrichment, and these factors synergistically affect the health and vigor of seagrasses (Sand-Jensen & Borum 1991) .
Because the effects of water-column enrichment on seagrasses are thought to be mediated through the epiphytic algae, simultaneous measurement of the responses of both autotrophic components (the seagrass-epiphyte complex) to enrichment is necessary. We used I4C uptake rates and measurements of biomass to assess the responses of seagrass blades and their epiphytes to water-column enrichment. We hypothesized that water-column enrichment would increase production rates of epiphytic algae and decrease production rates of seagrass blades. We also examined the response of the dominant epiphytic algal groups to nutrient enrichment.
MATERIALS AND METHODS
Study site. All field work was conducted within seagrass beds at Big Lagoon, Perdido Key, Florida, USA (Fig. 1) . Perdido Bay is a shallow, brackish inlet which is influenced by seasonal shifts in prevailing winds and freshwater inflow from the adjacent mainland. This area is unique because monospecific beds of 3 seagrass species Halodule wrightii Ascherson, Syringodium filiforme Kutzing, and Thalassia testudinum Banks ex Konig are present. These seagrasses are abundant and widely distributed in the Gulf of Mexico. along the east coast of Florida, and in the West Indies.
For each of the 3 seagrass species, 4 experimental plots were selected. Two of the 4 plots were designated for water-column enrichment and 2 served as controls. All plots were located at least 20 m apart. Control and enriched plots of Halodule rvrightii were approximately 82 cm deep. Control and enriched plots of Syringodium filiforme and Thalassia testudinunl were approximately 125 cm deep.
Nutrient enrichment. Fifty-four sections of 5 cm diameter PVC pipe were cut to 20.5 cm lengths. Six equally spaced, longitudinal rows of 6, 6.4 mm holes were drilled in each section, which was termed a tube. A plastic cap was glued onto 1 end of each tube and a screw cap was fitted to the other end. A nylon stocking placed in each-tube was filled with 454 g of a slowrelease (3 to 4 mo), temperature-sensitive OsmocoteTM fertilizer. This fertilizer contained 19% N (as ammonium nitrate), 6% P (as anhydrous phosphoric acid), Nine dispensing tubes were anchored vertically in each of the 6 plots designated for enrichment (2 plots for each seagrass species). Eight tubes were spaced equidistantly in a circle (1.5 m diameter) in the middle of the plot and 1 tube was placed at the center of the circle. During summer, early fall, and late spring, nutrient tubes were cleaned and replaced approximately every 3 wk to ensure a constant release of fertilizer. Each time nutrient tubes were changed, 10 tubes were selected at random and the fertilizer from these tubes was dried to a constant weight (60°C) and reweighed to provide an estimate of daily fertilizer release.
Gull of Mexico
Nutrient enrichment began in August 1993 and continued through September 1994. Sampling was conducted approximately every 2 mo from October 1993 to September 1994 for a total of 6 sampling dates.
Sampling strategy. On each sampling date, treatment effects were quantified by measuring in situ primary production rates and biomass of both seagrasses and epiphytes in each of the 12 experimental plots. In each of the 6 enriched plots, samples were obtained from within the circle of tubes. Samples were also obtained from each plot for determination of epiphytic algal community structure. Water temperature, salinity and photosynthetically active radiation (PAR) (400 to 700 nm) were measured during primary production incubations. PAR measurements were obtained in air and at the sediment surface in seagrass beds using a LI-COR Quantum/Radiometer/Photometer (cosinecorrected) Model No. LI-185B. PAR was measured at the midpoint of the 2 h incubation period and measurements were collected nearly simultaneously.
On 3 and 27 June 1994, 2 nutrient tubes without fertilizer were placed in the field at distances of 1 and 2 m from a tube containing fertilizer. These experiments were conducted to provide information regarding the effect of current on fertilizer dispersion after nutrients were released into the water column (Le, fertilizer drift). If fertilizer release was relatively unaffected by water current, a gradient with regard to the colonization of algae on tubes was anticipated, with the least algae occurring on the tube that was 2 m away. Tubes remained in the field for about 3 wk and were then removed and photographed.
Primary production measurements. Primary production rates were determined separately for seagrasses and their epiphytes by 14C uptake measurements. Our technique was a modification of that of Penhale (1977) . Seagrass blades with attached epiphytes were placed in incubation chambers (glass, screw-cap test tubes). Three incubation chambers were used in each of the 12 experimental plots. Each chamber was filled with unfiltered seawater, and the contents of a l ml, 5 pCi ampule of sodium bicarbonate (NaH14C03) were injected with a 22 gauge needle and syringe. An 18 gauge needle and syringe were used to inject an aliquot of dichlorophenyl dimethyl urea (DCMU) into 1 incubation chamber per plot so that the final concentration of DCMU per chamber was M. The uptake rate determined for the chamber containing DCMU was used to correct for inactive uptake of I4C (Legendre et al. 1983) . Similarly, determination of the primary production rate of phytoplankton (incubated in BOD bottles) was used to correct for I4C uptake by phytoplankton in each incubation chamber. Samples were incubated in situ for 2 h before incubation was stopped with the addition of 4 % buffered formalin.
In the laboratory, epiphytes were scraped from seagrass blades with a silicon rubber stopper (Burkholder & Wetzel 1990 ) and collected on a 0.45 pm cellulosic membrane filter. Surface adsorbed label was removed from epiphytes with washes of 2% HC1. The surface area of seagrass blades was measured on a LI-COR (Model LI-3000) portable surface area meter. Blade surface area was determined so that primary production rates for both seagrass blades and epiphytes could be expressed on a cm2 basis. Samples were burned in a biological material oxidizer (R. J. Harvey, Model OX-500); a liquid scintillation counter (Beckman LS 3801) determined I4C disintegrations min-' (dprn).
The method of Strickland & Parsons (1977) was used to calculate field pH and the total amount of I2C available for uptake in incubation chambers. 14C dpm were converted to carbon uptake rates using the formula
where L = dpm of sample, D = dpm of sample containing DCMU, R = efficiency of sample oxidizer, A = total ''C available for uptake (mg ml-l) multiplied by the volume of the incubation chamber (ml), C = 1.064 (correction term for difference in ' ' C and '"C isotopic masses), P = 1.11 X 107 dpm (2.22 X 106 dpm pCi-l X 5 pCi 14c sample-'), and T = incubation time in h. The result was divided by the total surface area of blades in each sample to standardize uptake rates for blades and epiphytes.
Biomass determinations. Aboveground live biomass in control and nutrient-enriched seagrass beds was estimated by a method similar to that of Morgan & f i tting (1984) . Two 10 X 10 cm quadrats were selected in each bed. All blades in each quadrat were clipped at the sediment surface and placed in a plastic bag. Several blades were subsampled (8 to 15) from each quadrat and these were placed in a separate plastic bag. Subsampling of blades was done immediately after blades were clipped, because epiphytes may fall from blades after being removed from the water. A small amount of water was added to the bags containing the samples before they were placed on ice for transport.
In the laboratory, the total number of blades per quadrat (including the number which was subsampled) was counted. Epiphytes were scraped from the subsamples with a silicon-rubber stopper (Burkholder & Wetzel 1990) . Blades and epiphytes were placed in separate aluminum weighing dishes and were dried at 60°C to a constant weight. The total number of blades in each quadrat was divided by the number of blades in each subsample and this number was multiplied by the dry weight of epiphytes and blades to determine the contribution of each to total dry weight. Measurements of biomass were not conducted during January.
Epiphytic community structure and pigment profiles. On each sampling date, approximately 20 seagrass blades with attached epiphytes were clipped from each of the 12 experimental plots. Half of the total number of blades was placed in each of 2 plastic bags. A small amount of seawater was added to each bag and samples were stored immediately on ice. In the laboratory, l bag from each plot was used for the identification of epiphytic algae, and the other was used for pigment analysis. Non-diatom epiphytic algae were identified to genus or species when possible. A species list of epiphytes by phylogenetic group (division) was recorded for each experimental plot on each sampling date. The dominance of macroalgae was determined by the number of times they appeared in a number of randomly selected fields. A minimum of 30 fields was counted per plot per date.
Samples used for pigment analysis were processed in a darkened room to minimize pigment degradation. Epiphytes were scraped from blades and filtered onto 0.7 vm glass microfiber filters (Whatman GF/F). Filters were folded in half, dried with paper toweling, and frozen at -80°C (Revco Model ULT1786). The surface area of cleaned blades was determined as described above.
High-performance liquid chromatography (HPLC) was used to identify and quantify phylogenetic groups of algae (at the division or class levels) based on the presence and amounts of pigments which are unique to, or 'diagnostic' of, each algal group (Millie et al. 1993 ). Concentrations of chlorophyll a (chl a), fucoxanthin, violaxanthin, lutein, and zeaxanthin were determined because they are characteristic of the algal groups observed in live material. Chl a was used to estimate the abundance of all algal taxa. Fucoxanthin is characteristic of brown algae (Phaeophyta) and diatoms (Bacillariophyta), whereas violaxanthin is RESULTS found in brown algae but occurs only in low concentrations or is absent in diatoms (Rowan 1989) . The concentration of lutein was used to estimate the abundance of green algae (Chlorophyta). The concentration of zeaxanthin was used as an indicator of the abundance of red algae (Rhodophyta). Although Cyanobacteria also contain zeaxanthin, microscopic examination of live material indicated that few cyanobacteria were present as epiphytes. Measurements of pigment concentrations were not conducted in October.
Data analysis. Statistical Analysis System (SAS 1988) for Windows was used for all data analyses. A modified split-plot design which accounted for sampling over time was used for the analysis of variance of primary produ.ction and biomass data. The least significant difference (LSD) test was used for separation of means. Blade production and epiphytic production were used as response variables in the andlysis of primary production data. The dry weights of blades and epiphytes were used as response variables in the analysis of biomass data. Pigment data were also subjected to a modified split-plot design which accounted for sampling over time. The pigments chl a, fucoxanthin, violaxanthin, lutein, and zeaxanthin were used as response variables to distinguish among 1600 the abundances of epiphytic algal groups. 
0
Water temperature ranged from 29°C in September to 7°C in January ( Table 1) . The lowest salinity was recorded in August (13 ppt) and the highest in October (27 ppt). Low salinity was a result of an increase in the amount of regional rainfall immediately preceding the sampling date. PAR was consistently lower in beds of Synngodium filiforme and Thalassia testudinum than in beds of Halodule wrightii. H. wrightii occurs at shallower depths than the other 2 species in Big Lagoon and therefore receives a greater amount of PAR (Table 1) . Based on dry weight measurements of the remaining fertilizer in 90 randomly selected nutrient tubes, the mean release of fertilizer was 4.6 g tube-' d-'. Thus, The 2 experiments designed to test for the effects of current on fertilizer dispersion showed that there was a gradient with regard to colonization of tubes by algae. The greatest biomass of algae (which included mainly the green alga Enterornorpha and diatoms) occurred on the tube containing fertilizer and the least biomass (which consisted mostly of diatoms) occurred on the tube that was placed 2 m away. These data supported our observation that flow rates are low in Big Lagoon. Furthermore, because of the distance between plots (220 m), these experiments provided evidence that the possibility of fertilizer drifting into and contaminating control plots was extremely remote.
Primary production
The combined analysis of variance showed that a 2-way interaction term (seagrass species x time) and the main effect of fertilizer were significant for both response variables (seagrass blade productivity and epiphytic productivity) ( Table 2 ). In August 14C uptake by blades of Thalassia testudinum was significantly less than uptake rates of blades of Syringodium filiforme and Halodule wrightii, whereas in September I4C uptake by blades of H, wrightii was significantly greater than that by blades of the other 2 seagrasses (Fig. 2a) . In January, I4C uptake by epiphytes of T. testudinum was significantly less than uptake rates for epiphytes of H. wnghtii and S. filiforme (Fig. 2b) , whereas in September 14C uptake by epiphytes of S. filiforme was greater than that by epiphytes of the other 2 seagrasses (Fig. 2b) .
Production rates of seagrass blades in enriched plots were 1 . 4~ greater than rates of blades in control plots (Fig. 3a, Appendix 1) . Production rates of epiphytic algae in enriched plots were 2 . 0~ greater than those measured for control plots (Fig. 3b, Appendix 1) . Furthermore, production rates of epiphytic algae in enriched plots were greater than corresponding rates of seagrass blades ( Fig. 3a,b ; note difference in scale, Appendix 1). However, production rates of blades and epiphytes in control plots were similar (Fig. 3a,b , Appendix 1).
The percent contribution of epiphytes to total primary production (seagrass blades + epiphytes) in enriched plots of Halodule wrightii (60 %) was greater than that in control plots (44 %) (Fig. 4a) . The relative contribution of epiphytes was almost equal in enriched and control plots of Synngodium filiforme (66 and 62 %, respectively) and Thalassia testudinum (48 and 50 %, respectively) (Fig. 4a) .
Biomass measurements
The combined analysis of variance showed that the main effects of seagrass species and time were significant for biomass of seagrass blades ( Table 2) . As expected, the mean dry weight of blades of Halodule wnghtii was less than that of blades of Syringodium filiforme and Thalassia testudinum (Fig. 5, Appendix 2) . The mean biomass of blades of the 3 seagrass species combined was least in April and September and greatest in June and August (Fig. 6) . Enrichment had no effect on biomass of seagrass blades. Analysis of variance showed that a 2-way interaction term (seagrass species X time) and the main effect of fertilizer were significant for biomass of epiphytes ( Table 2 ). The dry weight of epiphytes of Halodule wrightii was significantly less than that of epiphytes of Thalassia testudinum in September (Fig. 7) . Mean biomass of epiphytes among the 3 species of seagrasses on all other sampling dates did not differ significantly (Fig. 7) . In contrast, epiphytes in enriched plots had a 1 . 4~ greater biomass than epiphytes in control plots (Fig. 8,  Appendix 2) .
The percent contribution of epiphytes to total biomass (seagrass blades + epiphytes) was greater in enriched plots than in control plots for all 3 seagrass species (Fig. 4b) . Percent contribution of epiphytes (31 to 44 %) to total biomass was less than that of blades for all species and all treatments except for ennched plots of Halodule wrightii, where epiphytes contributed 52 % to total biomass (Fig. 4b) . Furthermore, the potential trophic importance of epiphytes to the system is suggested more by the relative contributions of epiphytes to primary production than to biomass (Fig. 4a,b) .
Epiphytic algal community structure fjljforme and Thalassia testudjnum (Table 4) . Populations of the brown alga Myriotrichia subcorymbosa (Holden) Blomquist and the red alga Acrochaetium flexuosum Vickers increased greatly in enriched plots of all seagrass species. Analysis of variance of HPLC data showed that there was a significant difference in epiphytic pigment concentrations between control and enriched plots for chl a, fucoxanthin (Appendix 3), violaxanthin, and zeaxanthin. No significant difference in the concentration of the pigment lutein was found between control and enriched plots (Tables 5 & 6). Microscopic examination of epiphytes showed that diatoms (Bacillariophyta) were the most abundant algal group in both control and enriched plots. Species richness of macroalgae in Big Lagoon was highest among the red algae (Rhodophyta) ( Table 3 ). The abundance of macroalgae was much lower in control than in enriched plots (Table 4) . Enriched plots of Halodule wrightij had a greater species richness of epiphytic macroalgae than enriched plots of Syringodium than in control plots (Table 6 ). Multiple linear regression [using selections for Mallow's C(p) statistic, adjusted R-square, and mean square error] showed that the best model for predicting chl a was a 3 variable model which included concentrations of the pigments fucoxanthin (Fuco), violaxanthin (Viola), and zeaxanthin (Zea). This model cantly to the prediction of chl a; this finding was consistent with the observation of very few green algae (Tables 3, 4) . Collectively, the concentrations of fucoxanthin, violaxanthin, and zeaxanthin explained 97 % (R' = 0.9691, n = 59) of the variation in chl a concentration (Fig. 9) . The best single variable model contained the pigment fucoxanthin and explained 88% (R2 = 0.88) of the variation in chl a. This relationship is consistent with the great abundance of diatoms observed in live material (Appendix 3).
Because violaxanthin has been reported in low concentrations in some species of diatoms (Rowan 1989) , it was necessary to verify that this pigment was a valid indicator of the abundance of brown macroalgae. Brown algae were observed in high concentration in enriched plots, but their abundance was low in control plots (Table 4) . If brown algae were the primary contributors of violaxanthin, then the correlation between this pigment and fucoxanthin should be lower in control than enriched plots because fucoxanthin is dominant in both diatoms and brown algae. Correlation analysis showed that the relationship between fucoxanthin and violaxanthin was significant in enriched plots (r = 0.67) but not significant in control plots (r = phytic algae to the blades. There is little evidence in the literature, however, to suggest that a transfer of the magnitude measured in this study could occur. Whereas primary production rates of both blades and epiphytes were stimulated by enrichment, only the biomass (as g dry -rut m-2) of epiphytes was increased by nutrient addition (1.4 X in enriched vs control plots). One explanation for the lack of response of blades to enrichment is that additional carbon uptake (indicated by I4C uptake rates) was stored in underground roots and rhizomes rather than channeled to o , , , . , , , , , , v v , , . , . , . v , l~. . . . . . move inorganic nutrients from the sediment pore water. At higher nutrient concentrations, shoot production increases; this is correlated with a re-
DISCUSSION
Enrichment with N a n d P had a general system effect on the primary production rates of the seagrass-epiphyte complex in Big Lagoon. Only the main effect of fertilizer was significant; all interaction terms containing this treatment were not significant (Table 2) . Primary production rates were higher in enriched than in control plots for blades ( 1 . 4~) and epiphytes ( 2 . 0~) .
Coleman & Burkholder (1994) found that 14C uptake rates of epiphytes on Zostera manna L. were stimulated by nitrate addition in low-flow mesocosms; however, uptake rates by blades were not measured. In contrast, Coleman & Burkholder (1995) were not able to demonstrate an increase in epiphytic primary production following nitrate enrichment of 2. manna beds in the field.
They did, however, show that the abundance and species-specific production rates (using track light microautoradiography) of dominant epiphytic taxa were significantly affected by nitrate enrichment. Flow rates were high in Coleman & Burkholder's (1995) field study but were low in their (1994) mesocosm experiment and in the present study. Perhaps this difference in flow rate explains the absence of stimulation of epiphytic production in Coleman & Burkholder's 1995 study and its presence in their 1994 work and in this study. Under low-flow conditions, the autotrophic components may be nutrient-limited and act as a nutrient sink; under such conditions nutrient enrichment produces a system dominated by autotrophic processes (see mesocosm experiments of Nilsson et al. 1991) .
As an alternative hypothesis, the increase in production of seagrass blades in enriched plots may have been caused by the transfer of fixed I4C from the epiduction in the lifespan of shoots and hence a higher leaf turnover rate. The reason for this response is not known (Perez et al. 1994 ). Thus, under oligotrophic or eutrophic conditions, an increase in aboveground biomass of blades may not be detected.
Other investigators have documented an increase in epiphytic biomass as a response to nutrient enrichment (Silberstein et al. 1986 , Neverauskas 1987 , Tomasko & Lapointe 1991 , Neckles et al. 1993 , Williams & Ruckelshaus 1993 , Coleman & Burkholder 1994 , Lapointe et al. 1994 . In the present study, HPLC was used to quantify epiphytic algal pigments (Table 6 ). The concentrations of chl a (all algal taxa), fucoxanthin (mainly diatoms), violaxanthin (brown algae), and zeaxanthin (mainly red algae) all exhibited significant increases. The dominance of diatoms in both control and enriched plots was reflected in the finding that 88 % of the variation in chl a was explained by variation in fucoxanthin concentration. The dominance of diatoms in enriched conditions has also been reported by Coleman & Burkholder (1994) for mesocosms containing Zostera marina and by Sundback & Snoeils (1991) for mesocosms containing shallow marine sandy sediments devoid of seagrasses.
The increase in epiphytic biomass and pigment concentrations in response to enrichment was paralleled by an increase in the abundance of macroalgae in enriched plots (Table 4 ). In particular, populations of the red alga Acrochaetium flexuosum and the brown alga Myriotrichia subcorymbosa increased greatly in enriched plots of all 3 seagrass hosts. A. flexuosum was the dominant non-diatom epiphyte on Halodule wnghtii over an annual cycle in Mississippi Sound, USA and M. subcorymbosa was abundant at this site in winter (Moncreiff et al. 1992) . These 2 taxa have remained the dominant non-diatom epiphytes in Mississippi Sound (M. J. Sullivan pers. obs.), which suggests that these seagrass beds are subject to nutrient enrichment. At the level of enrichment used in this study, it appears that the distribution and abundance, rather than the presence or absence, of macroalgal species are indicative of enrichment. Analysis of variance of pigment data showed that the abundance of the major groups of algae comprising the epiphytic community did not change significantly over time and did not differ significantly among seagrass species (there was no interaction between seagrass species and time). A higher level of enrichment may have resulted in even greater changes in the epiphytic algal community. Taxon diversity often decreases in response to enrichment, but in oligotrophic systems, nutrient enrichment may initially result in an increase in the diversity of taxa (Pringle 1990) .
The green macroalga Enteromorpha often responds to water-column enrichment in the marine environment (Harlin & Thorne-Miller 1981 , Sundback & Snoeijs 1991 , Lapointe et al. 1994 , Neckles et al. 1994 . In this study, few green algae were observed as epiphytes (Table 3) , but Enteromorpha did occur in high concentrations on nutrient tubes. Apparently, the rates of nutrient delivery in this study were below the threshold required to stimulate growth of Enteromorpha away from the source. In experiments designed to test the effects of current on fertilizer dispersion, Enteromorpha only colonized the tube containing fertilizer, whereas diatoms were the only algae to colonize the 2 tubes without fertilizer. Therefore, the presence of Enteromovha was in response to the highest nutrient concentration rather than the result of nutrient tubes providing a better substrate for attachment than seagrasses. This suggests that an abundance of Enteromorpha in seagrass systems is indicative of high water-column nutrient concentrations, in particular, inorganic nitrogen (Harlin & Thorne-Miller 1981) .
The strongest response to nutrient enrichment in Big Lagoon occurred in beds of Halodule wrightii. Evidence to support this is as follows: (1) the highest diversity and abundance of non-diatom algae were found here (Table 4) ; (2) only in enriched plots of H. wrightii did epiphytes account for more than 50% of the combined blade + epiphyte biomass (Fig. 4b) ; and (3) the percent contribution of epiphytes to total (blade + epiphyte) production was equal for control and enriched plots of Synngodium filiforme and Thalassia testudinum but was 60 and 44%, respectively, for enriched and control plots of H. wnghtii (Fig. 4a) . Even casual examination of the field sites on each sampling date revealed that blades of H. wnghtii in enriched plots were densely covered by epiphytes. This covering was found to consist of filamentous red and brown algae and of chain-forming diatoms belonging to genera such as Grammatophora, Rhabdonema, StriateLla, Hyalosira, and Licmophora. Such growths were less evident in enriched plots of S. filiforme and T. testudinum. A possible cause for the greater response of epiphytes of H. wrightii is that the blades of this seagrass received more light energy than the blades of the other 2 seagrasses. Perhaps the greater light intensity allowed epiphytes of H, wrightii to more efficiently utilize the added nutrients than the epiphytes of S. filiforme and T. testudin~im. Unfortunately, we have no data on saturating light levels for control and enriched plots to support or refute this hypothesis. Morgan & fitting (1984) found that both blades and epiphytes of H. wrightu saturated at 1100 pE m-' S-' in Texas waters, where the mean percent contribution of epiphytes to total biomass was 50 %.
The opportunistic or 'pioneering' nature of Halodule wrightii in Florida Bay and the Florida Keys is well known (Powell et al. 1989 , 1991 , Tomasko & Lapointe 1991 , Lapointe et al. 1994 ). Under elevated nutrient concentrations H. wrightij may competitively displace Thalassia testudinum as the dominant seagrass species. Experimental studies have shown that nutrient enrichment is tolerated by H. wrightii but it significantly decreases blade turnover time and rhizome growth in T. testudinum (Tomasko & Lapointe 1991 , Lapointe et al. 1994 .
Accurate prediction of the effects of cultural eutrophication on seagrass systems requires the use of experiments which target the water column. Measurement of water-column nutrients, however, can be a poor indlcator of the extent of eutrophication in aquatic systems because soluble nutrients are rapidly removed (Suttle & Harrison 1988 , Suttle et al. 1990 , Tomasko & Lapointe 1991 . Because enrichment effects are thought to be mediated through the epiphytic algae, both epiphytes and their seagrass hosts should be used in monitoring water quality in these systems. Although algal biomass is a better indicator of trophic status than soluble nutrient concentrations (Valiela et al. 1990 ), measurements of biomass inherently include the dry weight of materials other than epiphytic algae. Primary production rates (14C uptake) provide an instantaneous measure o f organic matter assimilation, whereas biomass measurements represent the long-term accrual of organic matter and do not reflect the rapid turnover rates of epiphytes (Borum 1987) . Furthermore, in this study, there was no statistical correlation between primary production rates of epiphytes and their biomass (r = 0.22). As an alternative to dry-weight estimates of bi.om.ass our data demonstrate that chl a measurement is a valid indicator of the abundance of epiphytic algae. We strongly urge that future enrichment studies incorporate a methodology to measure carbon fixation rates and photosynthetic pigment concentrations to more accurately desccbe the response of the seagrass-epiphyte complex to nutrient enrichment and other environmental perturbations.
All 3 seagrass species and their epiphytes responded similarly to water-column enrichment. Fertilizer was significant as a main effect for all measured variables (production, biomass, and pigment concentrations). The strong response of epiphytes to enrichment suggests that cultural eutrophication could pose a serious threat to the seagrass beds of Big Lagoon as urbanization continues in the area surrounding Perdido Bay. Negative effects could be manifested as a reduction in the coverage of shallow-water sediments by seagrass beds and/or the elimination of one or 2 species, possibly converting Big Lagoon into a seagrass monoculture. Such a monoculture would probably be Halodule wrightii, as Powell et al. (1989 Powell et al. ( , 1991 and Lapointe et al. (1994) 
